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ABSTRACT
Multiferroic magneto-electric polymer composites are an emerging class of smart materials that exhibit strong 
magneto-electric coupling, making them promising candidates for a wide variety of multifunctional applications. 
To enable the characterization, design, and optimization of novel smart composites like these, the associated 
mathematical models must have the breadth to account for complex coupled physics, e.g., three-dimensional ther-
mo-electro-magneto-elastic (TEME) behavior, fi nite deformations (i.e., geometric nonlinearities), and nonlinear 
constitutive response (i.e., material nonlinearities). In this discussion, we present a Lagrangian (reference confi g-
uration) approach to modeling TEME behavior in the fi nite-deformation regime. We illustrate the development of 
the fundamental laws of large-deformation TEME, explicitly showing the progression from postulated statements 
to pointwise equations. To enable the development of fi nite-strain TEME constitutive models, we use the formalism 
of continuum thermodynamics to derive a catalog of Helmholtz-type free energies and their corresponding state 
equations. The ramifi cations of invariance, angular momentum, and material symmetry are then explored. Finally, 
we establish contact with well-known linear theories, such as piezoelectricity, to illustrate the breadth and overar-
ching nature of the proposed nonlinear framework.
